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Computations o f  drag po l  ars f o r  a low-speed Wortmann 
s a i l p l a n e  a i r f o i l  a re  compared t o  bo th  wind tunnel  and f l i g h t  
r e s u l t s .  E x c e l l e n t  c o r r e l a t i o n  i s  shown t o  e x i s t  between 
computations and f l i g h t  r e s u l t s  except when separated f l o w  
regimes were encountered. Wind tunne l  t r a n s i t i o n  l o c a t i o n s  
are shown t o  agree w i t h  computed p red ic t i ons .  Smoothness of 
t h e  i n p u t  coord inates t o  t h e  PROFILE a i r f o i l  ana lys i s  
computer program was found t o  be e s s e n t i a l  t o  o b t a i n  accurate 
comparisons o f  drag po la rs  o r  t r a n s i t i o n  l o c a t i o n  t o  e i t h e r  
the  f l i g h t  o r  wind tunnel  r e s u l t s .  
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I NTRODUCT I O N  
I n  t h e  i n t e r e s t  o f  keeping cos ts  down, computat ional  
methods, r a t h e r  than wind tunnel  and f l i g h t  t es ts ,  a re  be ing 
used more ex tens i ve l y  t o  p red ic t  performance and hand l ing  
c h a r a c t e r i s t i c s  o f  a i r c r a f t .  O f  p r imary  importance are 
a i r f o i l  parameters. I t  i s  therefore of i n t e r e s t  t o  e s t a b l i s h  
t h e  regime o f  v a l i d i t y  o f  computational methods f o r  des ign 
and a n a l y t i c  purposes by  comparing r e s u l t s  o f  f l i g h t ,  wind 
tunnel  , and a n a l y t i c  methods. 
I n v i s c i d  incompressible f l o w  f i e l d s  have been a n a l y t i c a l l y  
produced s ince  j u s t  a f t e r  t h e  t u r n  o f  t h i s  century,  ( r e f  1 
and r e f .  2 ) .  Th is  al lowed pressure c o e f f i c i e n t  da ta  t o  be 
created r e s u l t i n g  i n  l i f t  c o e f f i c i e n t  est imat ion.  U n t i l  t h e  
1960ts,  cons iderable i n t e r e s t  i n  i nc reas ing  f l i g h t  v e l o c i t i e s  
r e s u l t e d  i n  a minimal amount o f  work being done i n  t h e  low 
speed, low Reynolds number area. A t  t h e  same t ime  v iscous 
e f f e c t s  were being i nves t i ga ted  and modeled from bo th  empir i -  
c a l  and a n a l y t i c a l  i nves t i ga t i ons .  
The s a i l p l a n e  community has prov ided t h e  most i n f o r m a t i o n  
on a i r f o i l s  i n  t h e  l a r g e l y  unknown low Reynolds number range. 
F. X .  Wortmann and D. Althaus have provided comprehensive 
wind tunnel  data on numerous low speed a i r f o i l s ,  ( r e f .  3 ) .  
The U n i v e r s i t y  o f  S t u t t g a r t ,  West Germany and NASA Langley 
Research Center developed a computer program c a l l e d  PROFILE 
t o  design and analyze incompressible, viscous performance 
parameters on a i r f o i l s ,  ( r e f .  4 ) .  
t e s t s  were performed on a T-6 s a i l p l a n e  a t  NASA Ames Research 
I n  1973 and 1974, f l i g h t  
Center, Dryden F l i g h t  Research F a c i l i t y  t o  determine 
i n - f l i g h t  drag polars ,  ( r e f .  5 ) .  
Th i s  s tudy w i l l  present comparisons o f  these da ta  i n  order  
t o  asce r ta in  t h e  v a l i d i t y  o f  the PROFILE program i n  p r e d i c t -  
i n g  t r a n s i t i o n ,  l i f t ,  and drag p o l a r s  on a s a i l p l a n e  a i r f o i l .  
2 
The r e s u l t s  o f  t h i s  r e p o r t  w i l l  be used t o  b u i l d  a body o f  
knowledge i n  t h e  area o f  low Reynolds number aerodynamics 
w i t h  p o t e n t i a l  a p p l i c a t i o n  i n  h igh  a l t i t u d e  "poor man's sat-  
e l  1 i t e "  drones o r  atmospheric samplers. 
6 
1.3 x 10 , 2 x 10 , and 3 x 10 t o  correspond w i t h  t h e  speed 
range o f  t h e  f l i g h t  data. A l l  a i r f o i l s  were ex tens i ve l y  
smoothed t o  min imize waviness s e n s i t i v i t y  i n  t h e  program. 
A n a l y t i c  da ta  were produced a t  Reynolds number o f  1 x 10 , 





Wind Tunnel Tests 
For th i s  report ,  wind tunnel r e s u l t s  were used t o  corre- 
l a t e  computational r e s u l t s  for  both drag polar data  and tran- 
si t ion locat ion.  Wind tunnel drag polar data  were avai lable ,  
( r e f .  3 ) ,  f o r  an a i r f o i l  similar t o  the f l i g h t  a i r fo i l - - the  
Wortmann FX61-163. Since t r ans i t i on  wind  tunnel da ta  were 
not avai lable  f o r  an a i r f o i l  s imilar  t o  this, computational 
data  were correlated w i t h  a Wortmann FX66-17AII-182 a i r f o i l .  
An i n v e s t i g a t i o n  was conducted a t  Langley Research Center 
t o  e m p i r i c a l l y  determine t h e  c h a r a c t e r i s t i c s  o f  a Wortmann 
FX66-17AII-182 a i r f o i l  as manufactured on a f i b e r g l a s s  s a i l -  
plane, ( r e f .  6 ) .  Wing pressure c o e f f i c i e n t  and t r a n s i t i o n  
data were obta ined i n  the  low-turbulence pressure tunnel .  
T r a n s i t i o n  was determined by two methods. O i l - f l o w  photo- 
graphs were taken o f  the  upper sur face  du r ing  tes ts ,  and 
t r a n s i t i o n  p o i n t s  were p l o t t e d .  
o i l  on t h e  wing sur face  and observing t h e  pa t te rns  t h e  a i r -  
f l o w  created. A stethoscope connected t o  var ious  pressure 
p o r t s  on t h e  a i r f o i l  was used t o  determine approximate t ran -  
s i t i o n  l o c a t i o n  by  l i s t e n i n g  f o r  t h e  l a r g e  increase i n  no ise  
l e v e l  t h a t  occurs a f t e r  t r a n s i t i o n .  
Th is  was done b y  p a i n t i n g  
F l i g h t  Tests  
I n  1974, t h e  j o i n t  NASA-SSA (Soar ing Soc ie ty  o f  America) 
r e p o r t  was publ ished conta in ing r e s u l t s  o f  a i r f o i l  sec t i on  
drag measurements taken i n  f l i g h t .  
w i t h  a p i t o t  probe t r a v e r s i n g  a wing wake and u t i l i z i n g  
Jones' method o f  momentum d e f i c i t ,  ( r e f .  7 and i n  t h e  appen- 
d i x ) .  The T-6 s a i l p l a n e  ( f i g .  1) used a mod i f ied  Wortmann 
Th is  was accomplished 
5 
FX61-163 a i r f o i l .  The des ign (Table 1 )  and ac tua l  f l i g h t  
a i r f o i l s  (Table 2)  d i f f e r e d  considerably  on t h e  lower sur face 
near t h e  t r a i l i n g  edge ( f i g .  2 ) .  
The wake rake  i n s t a l l a t i o n ,  ( f i g .  3), inc luded a t r a i l i n g  
s t a t i c  probe f o r  f r e e  stream s t a t i c  pressure; a K i e l  tube f o r  
f r e e  stream t o t a l  pressure; a r a d i a l l y  t r a v e r s i n g  p i t o t -  
s t a t i c  probe loca ted  0 . 3 2 ~  behind t h e  t r a i l i n g  edge; and a 
pressure t ransducer t h a t  was swi tchable t o  each pressure 
p o r t .  
F l i g h t  t e s t s  were conducted between airspeeds o f  40 and 
125 knots.  
a p a r t i c u l a r  l i f t  c o e f f i c i e n t  corresponded t o  a s p e c i f i c  
Reynolds number ( f i g .  4 ) .  
1 x l o 6  t o  3 x l o6 .  
5 )  f o l l owed  by  a sample wing wake ( f i g .  6 ) .  
Due t o  t h e  f i x e d  wing load ing  o f  t h e  t e s t  v e h i c l e  
The Reynolds number range was from 





The r e s u l t s  o f  a computer program by  t h e  name o f  PROFILE 
( r e f .  1) were used i n  t h i s  study t o  compare w i t h  t h e  exper i -  
mental data. PROFILE was f i r s t  developed i n  t h e  e a r l y  1960's 
and has been updated every t w o  years.  The l a t e s t  ve rs ion  can 
be d i v i d e d  i n t o  two p a r t s  dur ing  ana lys is .  The f i r s t  p a r t  i s  
s t r i c t l y  i n v i s c i d  and i s  used f o r  pressure c o e f f i c i e n t  ca lcu-  
l a t i o n s .  The second h a l f  computes a l l  v iscous ef fects .  
The i n v i s c i d  p o r t i o n  determines t h e  pressure c o e f f i c i e n t  
o r  v e l o c i t y  d i s t r i b u t i o n  on the a i r f o i l .  Th i s  i s  accom- 
p l i s h e d  us ing  a vor tex  panel method w i t h  p a r a b o l i c a l l y  
d i s t r i b u t e d  source-sink s i n g u l a r i t i e s  on a cub ic  s p l i n e  
f i t t e d  curve through the  coordinate po ints .  
t h e  model a i r f o i l  i s  given, ( f i g .  7 ) .  
An example o f  
The viscous p o r t i o n  uses the s p e c i f i e d  values o f  Reynolds 
number and computes t r a n s i t i o n  and separat ion cha rac te r i s -  
t i c s .  
ment, momentum, and energy th ickness (dl, d2, and d3),  can be 
s pec i f i ed . 
A boundary-layer development, c o n s i s t i n g  o f  d isp lace-  
Locat ion o f  t r a n s i t i o n  i s  a f u n c t i o n  o f  t he  shape f a c t o r  
H32 and l o c a l  Reynolds number based on momentum th ickness 
Rd2. No roughness was used i n  t h e  program as a l l  a r f o i l s  
t e s t e d  were e s s e n t i a l l y  smooth, and n a t u r a l  t r a n s i t  on was 
assumed. 
l e n g t h  from t h e  t r a i l i n g  edge and the  pressure gradients .  
The c r i t e r i a  used f o r  t r a n s i t i o n  was developed i n  r e f .  8 and 
laminar f l o w  i s  assumed i n  eq. 1: 
H32 i s  computed as a f u n c t i o n  o f  both t h e  arc 
ln(Rd2) 18.4(H32) - 21.78 ( 1  1 
C r i t e r i a  f o r  separat ion i s  n o t  as w e l l  def ined as f o r  
t r a n s i t i o n .  
occurred when H32 f a l l s  below 1.46. 
separat ion c r i t e r i a  i s  g iven i n  r e f .  9. 
U s u a l l y  t u r b u l e n t  separat ion i s  presumed t o  have 




DISCUSSION OF RESULTS 
Computational Results 
PROFILE was used to  ana ly t ica l ly  pred ic t  l i f t  and drag , 
polars  f o r  the design and f l i g h t  ( s a i lp l ane )  FX61-163 a i r -  
f o i l s  ( tab les  1 and 2 ) .  I n  addition, predict ions of t r ans i -  
t i on  c r i t e r i a  and pressures were obtained f o r  comparison t o  
the results of the model ( w i n d  tunnel)  a i r f o i l  FX66-17AII-182 
of Table 3. 
t 
The PROFILE program requi red considerable smoothing o f  t h e  
f l i g h t  FX61-163 a i r f o i l  f o r  f u l l  "drag bucket"  development. 
The a i r f o i l  was considered smooth when t h e  i n v i s c i d  pressure 
d i s t r i b u t i o n  was smooth. The raw data a i r f o i l  coord inates 
produced a ve ry  e r r a t i c  i n v i s c i d  pressure c o e f f i c i e n t  d i s t r i -  
but ion,  f i g .  8. The pr imary coordinate-smoothing programs 
SLOPE and MOD were used t o  ensure t h a t  t h e  analyzed a i r f o i l  
maintained c l o s e  geometric c h a r a c t e r i s t i c s  o f  t he  f l i g h t  
a i r f o i l .  Even a f t e r  us ing SLOPE and MOD, hand-smoothing was 
necessary t o  s a t i s f y  PROFILES'S i n p u t  requirements f o r  smooth 
coord i n  ates . 
SLOPE would output  t h e  slopes o f  t h e  l i n e s  connect ing each 
coord inate p o i n t .  These slopes were then p l o t t e d  as a func- 
t i o n  o f  x/c and a new f a i r e d  curve was drawn' through t h e  
p o i n t s  t o  o b t a i n  new slope values. 
The new s lope values were then f e d  i n t o  the MOD program and 
new z/c coord inates were produced. The r e s u l t i n g  a i r f o i l  was 
then v i s u a l l y  inspected t o  v e r i f y  t h e  a i r f o i l  had no t  been 
unduly mod i f i ed  w i t h  respect  t o  th ickness, th ickness 
d i s t r i b u t i o n ,  camber, and t r a i l i n g  edge th ickness ( t h e  
l e a d i n g  edge i s  normal ly  l e f t  alone). 
The r e s u l t i n g  a i r f o i l  pressure d i s t r i b u t i o n s  were analyzed 
( f i g .  9 )  and i t  was determined t h a t  more smoothing was 
requi red.  F i n a l  smoothing was done by changing z/c coord i -  
nates by  h a n d - f a i r i n g  t o  obtain t h e  f i n a l  a i r f o i l  ( f i g .  10 
and Table 4 ) .  F i n a l  changes t o  the  a i r f o i l  coord inates were 
10 
about 0.002 i n c h  f o r  a 30 i n c h  chord. 
s i zed  t h a t  t h e  l e v e l  o f  smoothness i s  a r t i f i c i a l l y  h igh  due 
t o  s e n s i t i v i t y  i n  the  program. 
I t  should be empha- 
For t h e  f l i g h t  a i r f o i l ,  t he  maximum d e v i a t i o n  from the 
mean i n  t h e  a i r f o i l  corresponded t o  .020 i nch  over a 2.0-inch 
l eng th  w h i l e  waviness o f  l e s s  than .001 i n c h  over 2.0 inches 
could be seen r e a d i l y .  
drag p o l a r s  f o r  each smoothing s tep  i s  shown ( f i g .  11) f o r  
R = 1 x lo6 and -4O< a < 14'. A comparison o f  t h e  a i r f o i l  
p o l a r s  f o r  var ious degrees o f  smoothness ( f i g s .  8, 9, and 10) 
w i l l  p rov ide  some i n s i g h t  i n t o  t h e  PROFILE program. A l l  
t h r e e  a i r f o i l s  produce n e a r l y  i d e n t i c a l  drag c o e f f i c i e n t s  
between l i f t  c o e f f i c i e n t s  o f  0.12 and 0.66. Above and below 
these l i f t  c o e f f i c i e n t  values t h e  raw da ta  1-6 a i r f o i l  i s  
p r e d i c t e d  t o  have leading-edge t r a n s i t i o n ,  w i t h  no appreci- 
ab le increase i n  separated f l o w  causing a r i s e  i n  drag. 
Beyond a l i f t  c o e f f i c i e n t  value o f  approximately 0.85, the  
upper sur face separat ion increases markedly causing the  drag 
t o  r i s e .  
A comparison o f  t h e  computed l i f t  and 
The SLOPE- and MOD-smoothed a i r f o i l  shows a drag bucket 
extending from -0.04 t o  0.92 l i f t  c o e f f i c i e n t .  T r a n s i t i o n  
then causes an increase i n  drag w i t h o u t  l o s s  o f  l i f t .  
n e a r l y  reaches 1.0 be fo re  separat ion causes l o s s  o f  l i f t  and 
increased drag. The f i n a l  SMOOTH a i r f o i l ' s  drag bucket 
The C1 
11 
extends from C1 = -0.09 t o  1.0. I n  t h i s  case the  i nc reas ing  
angle o f  a t tack  causes drag r i s e  due t o  t h e  onset o f  l ead ing  
edge t r a n s i t i o n  and separat ion,  s imultaneously.  
6 
( f i g .  13). Th is  i s  t h e  
The f i n a l  SMOOTH a i r f o i l  po lar  i s  shown a t  R = 1.0 x 10 , 
6 6 6 1.3 x 10 , 2.0 x 10 , and 3.0 x 10 
a n a l y t i c  r e s u l t  t h a t  w i l l  be compared w i t h  t h e  f l i g h t  po la r .  
The design FX61-163 a i r f o i l  was a l so  analyzed f o r  comparison 
and no smoothing was r e q u i r e d  on i t s  coordinates.  
Comparison o f  Resul ts  
When the  wind tunnel  FX66-17AII-182 model Cp values, 
f i g u r e  12, are p l o t t e d  on t h e  PROFILE pred ic t i ons ,  o n l y  a 
s l i g h t  d e v i a t i o n  occurs near the t r a n s i t i o n  r e g i o n  and a t  the 
t r a i l i n g  edge. A t  these two p o i n t s  v iscous e f f e c t s  a l t e r  t he  
Cp data i n  the  wind tunnel .  
p r e d i c t i o n  a t  t h e  t r a i l i n g  edge due t o  the  i n v i s c i d  p red ic -  
t i o n ' s  complete pressure recovery. 
The Cp r i s e s  s l i g h t l y  above the  
As shown i n  f i g u r e  12, PROFILE'S accuracy i n  p r e d i c t i n g  
t r a n s i t i o n  was ve ry  good; w i t h i n  0.5 percent  o f  chord length,  
which was t y p i c a l  o f  a l l  analyzed cases. 
12 
Comparison o f  t he  wind tunnel design a i r f o i l  w i th  PROFILE, 
f i g u r e  13, shows m a r g i n a l l y  lower sec t i on  drag a t  s e c t i o n  
l i f t  c o e f f i c i e n t s  lower than 1.15 a t  R = 2.0 x 10 and 
3.0 x 10 . This  comparison i s  considered t o  be a ve ry  good 
c o r r e l a t i o n  i n  t h a t  wind tunnel accuracies between t e s t s  are 
u s u a l l y  no t  b e t t e r  than 3 percent. A t  R = 1 x lo6,  PROFILE'S 
c o r r e l a t i o n  i s  n o t  as good. The wind tunnel  p o l a r  e x h i b i t s  a 
c h a r a c t e r i s t i c  o f  a probable laminar separat ion bubble which 
PROFILE would be unable t o  p r e d i c t  accurate ly .  Smoothing o f  
t h e  a i r f o i l  coord inates i n  t h i s  case would no t  improve t h e  
c o r r e l a t i o n  as 1 aminar separat ion bubbles a re  n o t  accu ra te l y  




When PROFILE i s  compared t o  f l i g h t  r e s u l t s ,  f i g u r e  14, 
extremely good c o r r e l a t i o n  i s  found a t  Reynolds number o f  
6 6 3 x 10 and 2 x 10 corresponding t o  l i f t  c o e f f i c i e n t s  o f  
0.14 and 0.32, r e s p e c t i v e l y .  F1 i g h t  data i n d i c a t e s  s l i g h t l y  
l e s s  s e c t i o n  drag than predic ted bu t  approximately equals t h e  
program v a r i a t i o n s  (+ - 0,0001 i n  drag c o e f f i c i e n t ) .  
Reynolds number o f  1.3 x lo6,  t h e  c o r r e l a t i o n  d e t e r i o r a t e s  
and cont inues t o  do so approaching R =.1.0 x 10 . A t  R = 1.3 
x 10 , drag c o e f f i c i e n t  i s  p red ic ted  t o  be 0,0010 h i g h e r  than 
a c t u a l l y  found i n  f l i g h t  measurements. Although t h e  T-6 
s a i l p l a n e  never q u i t e  achieved a C1 o f  1.38 corresponding t o  




6 6 a R of 1.0 x 10 , 1.10 x 10 was considered to be representa- 
tive. PROFILE predicts the drag coefficient to be 0.0207 and 
0.0197 at a lift coefficient o f  1.047 and 1.039 at 1 x l o 6  
and 1.3 x 10 Reynolds number, respectively, while the flight 
airfoil at a C1 of 1.15 has a Cd of 0.0140. 
that additional smoothing might improve the correlation at 
these high C1's. 
6 





Several a i r f o i l s  were analyzed us ing  PROFILE and compared 
w i t h  bo th  wind tunnel  and i n - f l i g h t  exper imental  r e s u l t s .  
Exce l l en t  c o r r e l a t i o n  was shown t o  e x i s t  a t  moderate t o  h igh  
(2 x 10 - -  > R > 3 x 10 ) Reynolds numbers and low t o  moderate 
l i f t  c o e f f i c i e n t s  (0.1 - > C1 1. 0.8). A t  low Reynolds numbers 
(<1.3 x 10 ) and h igher  C,'s ( >  0.8) the  c o r r e l a t i o n s  dete- 
r i o r a t e d .  
o f  separated f low.  I n t e n s i v e  smoothing o f  a i r f o i l  coord i -  
nates improved t h e  co r re la t i on .  However, i t  i s  poss ib le  t h a t  
i f  t h e  a i r f o i l s  analyzed were even smoother, b e t t e r  co r re la -  
t i o n  may have been poss ib le .  Th is  degree o f  smoothness i s  
6 6 
6 
These areas were usua l l y  found t o  have some degree 
requ i red  f o r  good r e s u l t s  from PROFILE, bu t  i s  n o t  necessary 
f o r  h igh  performance i n  f l i g h t .  
w i t h  j u d i c i o u s  hand-smoothing was needed t o  ensure t h a t  t he  
a n a l y t i c  a i r f o i l  maintained a good geometric l i keness  t o  the  
f l i g h t  a i r f o i l .  
The use o f  SLOPE and MOD 
Th is  l i m i t e d  s tudy  i nd i ca tes  t h a t  present  a n a l y t i c  methods 
e x h i b i t  good c o r r e l a t i o n ,  except i n  low Reynolds number 
(1.0 x 10 ) and h igh  C1 (>  0.8) regimes. 6 
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A p p e n d i x  
E x p e r i m e n t a l  m e t h o d  due t o  J o n e s .  J o n e s '  e q u a t i o n  i s  g i v e n  
i n  r e f .  7 a s :  
2 Pt-P P -P Cd - - - (1- t t )dy 
q 9 
where: 
Free Stream Wing Station Measurment Station 
since: 
= q + P  Pt - Pt 
substituting: 
Cd = - (1- E )dy 
c q  9 
18 
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.00210 . 000 70 
0.00000 
z / c  ( l ower )  
0 
-. 00248 - .00560 -. 00907 -. 01272 
-. 01656 - .02027 -. 02412 -. 02790 -. 03160 - .03520 - .03870 - .04200 - .04510 -. 04790 -. 05040 - .05250 
0.05420 - .05540 -. 05610 - .05630 - .05590 -. 05470 -. 05290 -. 05040 -. 04720 -. 04320 -. 03850 















































































































z /c  (lower) 
0 -. 00435 - .00837 -. 01172 -. 01540 -. 01941 
-. 02310 - .02711 - .03113 - .03481 - .03849 - .04218 -. 04552 - .04887 - ,05188 -. 05466 - .05690 -. 05891 - .06025 -. 06092 - .06126 
-.06126 - .06025 - .05858 - .05623 -. 05289 - .04954 - .04619 - .04318 -. 03916 - .03548 -. 03213 -. 02879 - ,02544 - .02276 -. 01908 - .01607 
-.01305 -. 01004 -. 00703 - .00435 - .00268 - .00201 -. 00134 - ,00067 
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Model FX66-17AII-182 A i r f o i l  






































































z/  c 
0 -. 00516 - .00691 -. 00856 - .00992 -. 01136 -. 01231 -. 01676 -. 02573 -. 03040 
-. 03651 
-.04131 - .04833 -. 05321 - .05617 -. 05775 - .05782 -. 05597 - .05253 -. 04772 -. 04134 -. 03396 - .02630 -. 01892 -. 01234 -. 00737 - .00364 -. 00133 - .00080 -. 00095 -. 00104 -. 00059 
23 
TABLE 4 


































































































































Z/  C 
- .00243 -. 00320 -. 00806 - .01283 -. 01775 -. 02261 -. 02750 -. 03210 
-. 03651 -. 04076 -. 04489 -. 04894 -. 05252 -. 05540 -. 05768 -. 05953 -. 06072 - .06124 -. 06100 -. 05871 -. 05669 - .05428 - .05138 -. 04819 -. 04474 -. 04109 -. 03749 -. 03398 






SPAN 14.93 M 
WEIGHT 367 KG 
AREA 13.2 M2 
TEST SECTION 
CHORD 0.759 M 
FIGURE 1. THREE VIEW OF T-6 SAILPLANE 
AND AIRFOIL SECTION 
t 
- F X  61-163 
0 T-6 AIRFOIL 
I 
FIGURE 2. A comparison between the baseline 
FX 61-163 airfoil and the T-6 flight 
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FIGURE 3. Wake rake installation on 
T-6 sailplane. 
_ _  . .. 
. .  . . 
.. . . - . . .  
Fig. 4. - Section l i f t  coef f ic ient  a s  a function of chord 
length Reynold's number for T-6 sailplane f l i ght  tests. 
Rx10-6 
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0.15 
TOTAL PRESSURE, K N / M ~  
FIGURE Typical total pressure wake profiles. 
S i x  consecutive wakes: Oo flap 
deflection: 44 knots: 0.31 kN/m2 
total pressure (reference 4. ) . 
I I I I 1 I I I I I I 
0 0.2 0.4 0.6 0.8 1.0 
X I C  
Fig. 7 .  - Pressure coef f ic ients  predicted for model FX66-17AII-182 a ir fo i l  
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0.6 0.8 1 .o 0.2 0.4 
Fig. 8 .  - Pressure coeff ic ients  for f l i g h t  a i r f o i l  predicted by PROFILE 
before smoothing (Ref. 5). a =4O 
I 
I I I I I 1 I 1 I I 
0 0.2 0.4 0 . 6  
x/c 
0.8 
Fig. 9 .  - Pressure coeff ic ients  for f l i ght  a i r f o i l  predicted by PROFILE 





X I C  
FIGURE Pressure  c o e f f i c i e n t  ( i n v i s c i d )  f o r  t h e  f l i g h t  a i r f o i l  a t  









FIGURE A comparison of computed polars between the 
. .  raw data T-6 airfoil and the 
-1.0 
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PROFILE -- - 
_. Upper Surface 
- Lowe; Luxlace 
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FIGURE Transition location and pressure coefficient 
comparison fo r  FX 66-AII-182 airfoil in wind tun- 
program (Re=l . 5x106, o( =O , cl=O. 368) . 
ne1 (Re=1.5x106, Q=o 0 , cl=0.4) and on the PROFILE 
0 
PROFILE 
- Upper Surface 
Lower LGX Lace 
__  - 
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-PROFILE Predict ion -_ 
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.1. 0 - p I;(- 
i 
c \ @,\ I 
6 
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XIC 
0 
FIGURE Transition location and pressure coefficient 
comparison f o r  FX 66-AII-182 airfoil in wind tun- 
nel (Re=l. 5x106 a=O0, ~~'0.4) and on the PROFILE 
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Figure A comparison between computed and wind tunnel 
data (Ref. 3) for the baseline airfoil. 
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FIGURE A comparison between computed and flight 
data (Ref. 4) for the flight airfoil with Oo 
flap deflection. 
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